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Introduction
Five to 10% of abdominal aortic aneurysms have an inflammatory component (IAAA), characterized by a white glistening fibrotic surface, a thickened aneurysm wall and adhesions to neighbour structures. The thickened wall can be observed on CT and is usually in the range of 0.5-3 cm. Histologically, the muscular and elastic structures of the media are replaced by fibrotic tissue. Abundant lymphocytes and plasma cells are present. Patients with IAAA often have symptoms of abdominal or back pain. General symptoms like fatigue and weight loss are also common. The erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) are usually higher than in patients with abdominal aortic aneurysm without fibrosis. [1] [2] [3] The fibrotic changes may represent a difficulty during open surgery. This is reflected by a longer operating time, a higher mortality and morbidity and a greater need for blood transfusions when compared with non-inflammatory aneurysm. [4] [5] [6] Theoretically, therefore, endovascular repair (EVAR) could be an option in the treatment of IAAA, however, variation in outcome has been reported. In some cases, a successful result with shrinking of the aneurysmal sack has been observed. [7] [8] [9] [10] In contrast, others have reported an increased inflammatory response following EVAR in these patients ( Figure 1 ). 11, 12 Since the indication for EVAR in patients with IAAA remains controversial, the purpose was to investigate the outcome in patients with IAAA treated by EVAR and reported to the EUROSTAR register. The results were compared with EVAR performed in patients with non-inflammatory aortic aneurysm reported to the same register.
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Material and Methods
This report summarises the experience collated in the EUROSTAR-database as of October 1996 to November 2003. The data of 3665 patients operated over a 7-year period until October 2003 constituted the basis of this analysis. The experience was obtained from 90 centres in Europe and the contributors to this series are listed in the appendices. The organisation of the EUROSTAR Registry and reports on various aspects after EVAR has been published previously. [13] [14] [15] All patients had a minimum follow-up period of 1 month. The mean follow-up period in patients with IAAA was 23 months (range 1-60). Patients with an aortic aneurysm smaller than 4.0 cm in diameter, including those with large iliac aneurysms, were excluded from this study cohort. An exception of this condition was IAAA, for which a diameter threshold for inclusion of 3.0 cm was used.
To assess the effect of IAAA on the early and midterm outcome after EVAR the study cohort was subdivided according to the information provided on the case record forms (CRFs) about the inflammatory status of the aneurysm: patients with inflammatory aneurysms (IAAA) and patients with non-inflammatory aneurysms (non-IAAA). Specific details regarding the increase or decrease in the inflammatory response at follow-up were based on CRP, ESR and CT. Patients with IAAA were identified and their details derived from the free text fields in the CRFs as there were no queries specifically directed at IAAA. In addition, all centres participating in the EUROSTAR Registry received a letter requesting identification of patients with IAAA. To retrieve additional detailed data related to IAAA, a questionnaire was sent to the institutions whose records indicated endovascular treatment of patients with inflammatory aneurysms. Additional information regarding follow-up CT examinations and inflammatory serum markers for 11 patients were completed and returned to the EUROSTAR Data Registry Centre.
Inclusion criteria as defined in the EUROSTAR registry protocol, comprised elective treatment of AAA with vascular anatomy suitable for the implantation of a stent-graft. Baseline data, including comorbidity, estimate of unfitness for open repair, anatomic aspects and operative details were recorded by the participating institutions on CRF's and submitted for inclusion to the Data Registry Centre. Findings at follow-up visits, which involved clinical examination, CT-assessment or (in 5% of the visits) angiography, MRI or ultrasound, were recorded in data forms and returned at regular intervals to the Data Registry Centre for processing and analysis. There was no outside monitoring of the centres or involvement of a core laboratory for the evaluation of CT-scanning or other imaging studies. Follow-up visits according to the protocol were scheduled at 1, 6, 12, 18 and 24 months and annually thereafter. Reminders for overdue follow-up data were regu-larly sent to the participating institutions. Outcome was reported according to the guidelines from the Society for Vascular Surgery/American Association for Vascular Surgery (SVS/AAVS). 16 Deaths were classified as aneurysm-related or all-cause deaths. 17 The latter included death related to co-morbidity and conditions unrelated to the aneurysm. Aneurysm-related deaths included all deaths within 30 days and deaths that occurred as a result of aneurysm rupture, endograft infection or death within 1 month after a secondary surgical procedure for late complications of the aneurysm.
Other outcome events observed during follow-up included endoleaks, migration, severe device kinking, occlusion, stenosis and aneurysmal growth. Only endoleaks that were identified at 1 month and thereafter were included in the analysis, while endoleaks at the completion angiography were considered. Endoleaks were classified into type I, II and III as previously described. 18 In cases with different types of endoleaks observed at different follow-up periods, types I and III were considered above type II for the analysis. The interval between the date of surgery and the date on which the endoleak was identified for the first time, was used for the life- 
Results
The 3665 patients, 3461 male and 204 female, ranged in age from 43 to 95 years. Fifty-two patients (1.4%) had an IAAA, all diagnosed by CT, and 3613 (98.6%) a non-IAAA. The mean age in patients with IAAA was approximately 6 years less than in the other patients (Table 1) . Other significant differences in patient characteristics included a higher incidence of smoking (p=0.0175), and lower incidence of hypertension (p=0.0133), better cardiac condition or less previous cardiac events (p=0.0272) and less pulmonary disease (p=0.0032) in the IAAA group. Regarding existing anatomy no differences were observed in angulation in the aneurysm neck (p=0.12), the aneurysm itself (p=0.18) or the iliac arteries (p=0.08). The infrarenal neck was similar with regard to diameter (p=0.87) and length (p=0.11) in the two study groups. The aneurysm had comparable diameters (p=0.78) and patency of iliac and hypogastric arteries. Operating time was 140 min (45-345) in the group with IAAA compared with 133 min (25-660) in non-IAAA (ns). In the former group 47 had bifurcated endografts, one had a tube graft while four had aortouniiliac grafts. Extraanatomic bypasses were four times as frequent in the group with IAAA compared with non-IAAA ( Table 2) . Device or limb stenosis during the procedure occurred almost 18 times more frequently in the group with IAAA (p=0.0005). Device migration as observed on the intraoperative angiogram did not occur in any of the patients with IAAA and in 40 of the patients with 30 non-IAAA (1.1%). No differences were observed with regard to length of stay in hospital, prevalence of endoleak or the incidence of primary conversion to open surgery. Only blocking of one iliac artery was significantly different in the two study groups. Thirteen (25%) occurred in IAAA (nine intentional and four inadvertently) and 488 (13.5%) in non-IAAA, p=0.0100.
First month outcome
The first-month mortality in the entire cohort was 2.2% (82 patients). There was no significant difference between the two study groups. There were no significant differences with regard to systemic complications (cardiac, cerebral, pulmonary, renal, hepatobiliary, bowel and sepsis) in the two study groups. Minor complications from the access sites and lower limb arteries were similar in the group with IAAA and non-IAAA (3.9 and 6.7%, respectively; ns). Arterial thrombosis occurred only in the group of patients with non-IAAA (0.8%). An increased periaortic inflammatory response was observed in 12% and a decreased periaortic inflammation in 17% of all patients with IAAA. 
Late outcome
There were no differences in the incidence of type I, II and III endoleaks. The percentage of patients with aneurysmal growth was similar in the two groups. Device migration, kinking, stenosis or thrombosis was comparable in both groups. No differences were observed with regard to all-cause death, aneurysm-related death, rupture and conversion to open repair (Table 3) . Of 47 patients with IAAA, diameter measurements were recorded during follow-up. A regression of the aneurysm was observed in 41 (87%, p=0.0001) (Figure 2 ). With regard to aneurysm shrinkage, no difference was observed between patients with and without IAAA.
Detailed information on 11 of the patients with IAAA
At presentation hydronephrosis was present in five patients (45%). Previous ureteric procedures had been performed in four patients (36%) ( Table 4) . Abdominal pain was present in 63% of the patients who had additional and detailed data provided by the questionnaire. Worsening of renal function in this subgroup was observed in the early postoperative period in 9% and in the late postoperative period in 27%. Postoperative ureteric stenting or ureterolysis was performed in two (18%) of these patients. No patients needed dialysis early or late postoperatively. Serum concentration of urea and creatinine decreased in these 11 patients, although not significantly. The ESR decreased during the early postoperative period. However, later it increased again to preoperative levels. The CRP levels decreased in the late postoperative phase compared with the preoperative phase. Aneurysm wall thickness decreased in the 11 patients with detailed information from 21 mm preoperatively to 17 mm early and 13 mm late postoperatively. Ureteric entrapment was observed in 45% of the patients preoperatively, decreasing to 27% after the procedure. In one patient the ureteric obstruction which was present preoperatively remained troublesome after operation with continued requirement for ureteric stenting.
Discussion
Taking into consideration that open surgery for IAAA is often challenging from a technical point of view with reported higher mortality and complication rate, 2, 4, 5 the present investigation indicates that with respect to exclusion of the aneurysm from the circulation, EVAR is a feasible method with promising early and midterm results. We have not observed a higher mortality or morbidity rate than for other aneurysms in this study, which is in contrast with most reports on open surgery for IAAA. A mortality rate of 1.9% must be regarded as satisfactory, especially considering that 23.1% of the patients with IAA were unfit for open surgery. Systemic complications also were comparable.
While exclusion of the aneurysm seems to be obtained by EVAR in most cases, the effect on the fibrosis itself is less clear. Postoperatively both increased and decreased periaortic inflammation was observed on followup CT-scans although significant increase was only observed in six patients. The cause of this variable reaction regarding the fibrosis remains unknown. It is possible that the increased fibrosis in some cases could be related to the so-called 'post implantation reaction' occasionally seen in patients treated with EVAR. It would be of importance to follow these changes over the years, even if the renal function is not deteriorated. Following open operation, the fibrosis is decreasing in about 75% of the cases. 19, 20 Although rare, increased fibrosis has also been reported following open surgery. 21, 22 In patients with ureteral stenosis, regular CT-surveillance also seems indicated after open surgery. 22 Even if the preoperative anatomy was similar in the two groups, there was an increased rate of graft limb stenosis in the IAAA group. As there were no significant anatomical differences between the two groups, the Table 3 . Late outcomes * Adjusted for age, smoking, hypertension and cardiac and pulmonary risk status.
higher incidence of graft limb stenosis-occlusion may be related to the distal landing zone in the external iliac artery. This finding is associated with the more frequent overlapping of the hypogastric artery by the device limb in the IAAA group. One femorofemoral crossover was performed due to occlusion at the time of procedure. It is possible that the iliac arteries where encapsulated by fibrotic tissue and that the arterial wall as well as the aneurysm wall was stiffer than in patients with non-inflammatory aneurysms. Thus, modelling of the endoprosthesis with a balloon catheter after deployment could become more difficult. It is also possible that IAAA is a separate disease entity 23 with a higher incidence of autoimmune diseases 24 and a higher metabolic activity than non-inflammatory AAA. 25 However, although statistically significant, the total number of graft limb obstructions was small and further investigation of this particular phenomenon is necessary.
Hydronephrosis with or without ureteric procedures were frequently observed in the smaller subset with detailed information. It is likely that this was a selected group of patients with a high incidence of ureteric complications. Late postoperative worsening of renal function was present in 27%. These findings suggest that EVAR alone may not be the optimal treatment for all patients with IAAA. Possibly some patients with IAAA and ureteral stenosis might need post-EVAR ureterolysis, omental wrapping of the ureters or perhaps corticosteroid therapy, although this has not usual- However, more studies are needed to determine whether EVAR is also the first-choice in the treatment of good-risk patients with IAAA. The present study has several limitations including its retrospective nature and that it is based on questionnaires. It should be noted that the EUROSTAR database is not specifically designed for analysis of the typical pathology associated with IAAA. Nevertheless, we could identify a subgroup of patients with IAAA treated by EVAR, which is the largest series published in the literature so far. To assess some aspects of this typical condition in greater detail an additional questionnaire was mailed to the participants who had enrolled IAAA patients. This questionnaire resulted in more information in a proportion of our entire study group. The incidence of IAAA of 1.4% is lower than in most series treated with open surgery where an incidence of 5-10% has been reported. 5, 6 Although unlikely, a lower incidence of IAAA in the present series could be explained by a smaller number of patients originally found suitable for EVAR according to the preoperative CT-scans or arteriograms, possibly due to the previously mentioned higher incidence of iliac aneurysms. It is also possible that more patients than we have detected in the registry so far, have an IAAA.
It should also be taken into consideration that about 23% of the patients were found unfit for open surgery and it is possible that some vascular sur- geons did not find EVAR suitable treatment for patients with IAAA, especially in the early phase of our investigation. Thus, the group of patients unfit for open surgery perhaps consists of two subgroups; those considered unfit due to risk factors and those considered unfit because they had IAAA. This could explain why the incidence of patients unfit for open surgery were equal in the two groups, despite patients with IAAA being significantly younger. There are also differences in the classification of IAAA in patients treated by EVAR and those treated by open surgery. During open surgery the visual appearance of IAAA can be supplemented by a biopsy, whereas patients who are treated for EVAR must be classified according to the CTscans only. Therefore, more inflammatory aneurysms may be identified during open surgery. Finding an IAAA by surprise is not rare. This may explain the relatively low incidence of IAAA in this study.
In conclusion, the results following EVAR of patients with IAAA and patients with non-IAAA were largely similar with regard to early and mid-term results. EVAR is a feasible method to exclude IAAA from the circulation. Perianeurysmal fibrosis did not regress in a proportion of patients, however, clinical outcome was favourable. The effect upon the fibrotic changes needs to be studied more thoroughly especially in patients with ureteric complications to define the exact role of EVAR in patients with inflammatory aortic aneurysms.
